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(54) POLYBUTYLENE TEREPHTHALATE AND ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain polybutylene terephthalate excellent in wet heat resistance and 
hue selecting polybutylene terephthalate which does not contain an alkali or alkaline earth metal, 
satisfies a specific relation, and has a low terminal carboxyl group content. 

SOLUTION: This polybutylene terephthalate is produced by melt polymn., has an intrinsic viscosity 
higher than 0.55, does not contain an alkali or alkaline earth metal, satisfies the relation: |COOHl£l6.5x 
|tj10.8 (wherein |COOHJ is the terminal carboxyl group content of polybutylene terephthalate; and |r|Jis 
the intrinsic viscosity of polybutylene terephthalate), and is obtd. by subjecting an acid ester and a diol 
in a molar ratio of 1 . J - 1 ,6 to transesterification in the presence of a titanium catalyst to a conversion of 
75-95%, advancing the condensation at 200-250°C under a vacuum of 300-0 A Torr to a polymn. degree 
of 15 or higher, and advancing the polycondensation at 230-255°C under a vacuum of 3Torr or lower 
with a thin-film evaporation means equipped with a rotating disk. 
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* NOTICES *' 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



(Detailed Description of the Invention) 
1000 1| 

[Field of the Invention |This invention relates to polybutylene terephthalate (it abbreviates to PBT 

hereafter) with low carboxyl terminal group concentration. 

100021 

[Description of the Prior Art]Thermoplastic polyester resin and the division PBT are excellent in 
chemical resistance and mechanical properties, and are widely used as industrial resin. 
[0003 (Generally PBT is manufactured by the direct polymerization method or an ester interchange 
method. A direct polymerization method is a method of forming a PBT precursor, carrying out a 
polycondensation under decompression of this PBT precursor subsequently, and manufacturing PBT by 
the direct esterifi cation reaction of terephthalic acid and 1 ,4-butanediol. On the other hand, an ester 
interchange method is a method of carrying out the ester exchange reaction of the lower alkyl ester and 
1,4-butanediol of terephthalic acid, forming a PBT precursor, carrying out a polycondensation under 
decompression of this PBT precursor subsequently, and manufacturing PBT. 
|Q004]However, also by PBT manufactured by which method, when there is a problem in hydrolysis 
resistance, for example, it uses it under heat-and-high-humidity atmosphere, endurance is made into a 
problem, a use is limited in many cases, and the PBT resin which was excellent in resistance to moist 
heat is demanded. In order to make this resistance to moist heat improve, it is effective to make carboxyl 
terminal group concentration low (low carboxylation). If carboxyl terminal group concentration is low, 
the byproduction of the tetrahydrofuran in a polycondensation reaction is stopped and it is advantageous 
also from the loss of 1,4-butanediol, and a point of recovery of a by-product. 
|0005]And there is a solid-state-polymerization method as one of the effective means which make 
carboxyl terminal group concentration low. Many methods are proposed about the solid-state- 
polymerization method of PBT until now. For example, PBT is beforehand heat-treated below at solid- 
state- polymerization temperature for 4 hours or more, a degree of crystallinity is made into not less than 
46%,. and the method of carrying out solid state polymerization succeedingly is indicated by JP,57- 
2728JB. Although melt polymerization is suspended in the stage of intrinsic viscosity 0.1 - 0.55 dl/g to 
JP,6- 172503 ,A and the method of carrying out post-solid state polymerization which once carried out 
cooling solidification is indicated, The energy and facility cost which solid state polymerization takes by 
such a conventional method are large, and are not preferred at an economical point. 
|0006|On the other hand, although it is indicated by JP,57-147516,A that a PBT polymer with low 
carboxyl terminal group concentration is made into the manufacture place of PBT by adding an alkali 
(metal) compound, It is not | a foreign matter existing (generating) and having an adverse effect on the 
stability of a polymer in many cases ) desirable. Although it is a stage before the decompression start for 
a polycondensation reaction and adding the first tin of oxalic acid as a catalyst is indicated in JP,59- 
86622,A, it is technical problems that hue gets worse by this and that an effect is small if it does not add 
SO much. 
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.10007]- 

|Means for Solving the Problem]This invention persons reached this invention, as a result of inquiring 
wholeheartedly that a technical problem of conventional technology should be solved. That is, since PBT 
with low carboxyl terminal group concentration manufactured by a melt polymerization method was 
excellent in resistance to moist heat, the conventional technical problem acquired knowledge that it is 
solvable. 

l0008]That is, in this invention, intrinsic viscosity manufactured without adding an alkaline metal and an 
alkaline earth metal compound by melt polymerization was larger than 0.55, and PBT with low carboxyl 
terminal group concentration which satisfies a relation of a following formula (1) found out excelling in 
resistance to moist heat and hue. 
100091 

|COOH]<=16.5x[eta] 0 8 (1) 

In PBT with the above-mentioned low carboxyl terminal group concentration, intrinsic viscosity [eta] of 
PBT is the value computed from melt viscosity measured at 25 ** among orthochlorophenol. 
I00l0]carboxyl terminal group concentration ([COOH]) - a method of Aye Ko Knicks (A. Conix) — {(it 

is a number of equivalent of Makromol.Chem, 26-VOlumes, and per polymer 1 0 6 g that were measured 
by 226 pages (1958)}.) 

|001 1 |When an example which will manufacture PBT of this invention if this invention is explained is 
shown, as the mole ratios 1 , 1 - 1 .6 of dimethyl terephthalate and 1 ,4-butanediol, An ester exchange 
reaction is performed until 75 to 95% of methyl ester groups react under titanic acid tetra butoxide 
catalyst existence, It is made to react until a degree of polymerization (a degree of polymerization of 
number average molecular weight conversion computed from intrinsic viscosity is said) becomes 15 or 
more at temperature of 200-250 ** by the following process under the degree of vacuum 300 - a degree 
of vacuum of O.lTorr, Subsequently, its hand is run through its PBT (it is called a low-grade polymer) 
by stirring wings fixed to the axis of rotation, It fully stirs using a biaxial rotating-disk type film 
evaporator it was made to make it flow down a low-grade polymer through which its hand was run from 
stirring wings compulsorily by injecting inactive gas from stirring wings by an acute angle to stirring 
wings, and a polycondensation reaction is made to promote. 

[0012|It is a thing, wherein a film evaporator used here has two or more slots toward a shaft center on 
these ••** raising wings, Make it react with temperature of 230-255 **, and 3 or less Torr of degrees of 
vacuum, and a degree of polymerization is raised, PBT (it is called the Nakashige union) is continuously 
extracted with a gear pump from an exit of this film evaporator, and a method which 230-250 ** and 
holding time pelletize continuously as less than for 5 minutes preferably less than for 10 minutes in 
temperature of the Nakashige union within transport piping can be illustrated. However, it is not limited 
in particular for a manufacturing method to this, and can manufacture by any method of a batch process 
and continuous system. 

[001 3 |High~ polymer PBT manufactured by carrying out solid state polymerization of the Nakashige 
union obtained by an above-mentioned manufacturing method has very low carboxyl terminal group 
concentration, its resistance to moist heat is high, and hue of PBT is also good, and it is also increasing 
solid-state-polymerization speed by leaps and bounds. 

|0014|About with an intrinsic viscosity of 0.55 or less PBT, generally, carboxyl terminal group 
concentration is low and resistance to moist heat and its hue are good. Intrinsic viscosity of PBT 
manufactured by melt polymerization in this invention is larger than 0.55, is 0.6- 1.4 preferably, and is 
0.65-1.3 still more preferably. When separating from the range of said formula (1), carboxyl terminal 
group concentration of PBT is high, resistance to moist heat is bad, and hue also gets worse. When 
carboxyl terminal group concentration is remarkable and still higher, a polycondensation reaction at the 
time of melt polymerization and solid state polymerization may be checked. 
|001 5 |as the range with carboxyl terminal group concentration preferred in this invention — |COOH| 

<=l3.5xleta]°' 8 (2) 

It is [COOHJ <=1 1.5x1 eta] 0 8 (3) still more preferably. 
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1.001 6]In this invention, when manufacturing PBT, it is carried out under existence of a catalyst or 
absence. When reacting using a catalyst, a titanate organic compound, an organotin compound, titanium 
tetrachloride compounds and such hydrolyzates, or an alcoholysis thing is used at least one or more sorts. 
[0017|By carrying out solid state polymerization of the PBT in this invention, solid-state-polymerization 
speed increases by leaps and bounds. A PBT polymer manufactured by solid state polymerization has 
very low carboxyl terminal group concentration, and can manufacture high-polymer PBT economically. 
Under the present circumstances, although conditions in particular of preheating treatment and/or solid 
state polymerization are not limited, temperature in solid state polymerization is preferably good to 
consider [ 180-215 ** J it as 185-210 **. A chip size of PBT used in a solid-state-polymerization 
process has that preferred by which grain refining is carried out in a uniform size, and cylindrical shape, 
rectangular parallelepiped shape, or a spherical thing is preferred. 

1 001 8 1 As an atmosphere at the time of preheating treatment and/or solid state polymerization, it is 
preferred to carry out under a vacuum or an inactive gas air current. 

[0019]One sort, such as other thermoplastics, an additive agent, an inorganic bulking agent, and an 
organic bulking agent, or two sorts or more are made as for kneading ****** to PBT of this invention 
with a kneading machine without a vent and a vent, etc. at PBT of this invention. PBT can use what was 
once cooled and carried out chip making, and also can be supplied to a kneading machine from a 
polycondensation reaction device with a direct molten state. 

1 00201 As other thermoplastics which can be blended with PBT of this invention, polyester system resin, 
polyamide system resin, polystyrene system resin, polycarbonate, polyacetal, etc. are illustrated. As an 
additive agent, fire-resistant auxiliary agents, such as fire retardant, such as a publicly known 
antioxidant, a spray for preventing static electricity, brominated polycarbonate, and a brominated epoxy 
compound, antimonous oxide, and antimony pentoxide, a plasticizer, lubricant, a release agent, colorant, 
a nucleus agent, etc. are illustrated. As an inorganic bulking agent, glass fiber, talc, mica, glass flakes, 
Alkali metal compounds, such as metallic compounds, such as carbon fiber, silica, an alumina fiber, clay, 
carbon black, kaolin, titanium oxide, iron oxide, antimony oxide, and alumina, potassium, and sodium, 
etc. are illustrated. As an organic bulking agent, aromatic polyester textiles, liquid crystallinity polyester 
fiber, etc. are illustrated. 
[0021] 

|Example]The example of this invention is shown below. 

|0022|In the following examples etc., a part shows a weight section. Resistance to moist heat carries out 
priming processing of the chip of PBT at 98 **, shows the reduction speed (delta(eta|/day) per day of 
intrinsic viscosity [eta], and shows that the one of resistance to moist heat where this value is smaller is 
good. 

J0023 1 1 Example 1] An ester exchange reaction is performed until 85% of methyl ester groups react 100 
copies of dimethyl terephthalates, 65 copies of 1 ,4-butanediol, and 0.08 copy of titanic acid tetra 
butoxide catalyst, Next, it was made to react to the degree of polymerization 35 at the temperature of 235 
** under the degree of vacuum 200 - the degree of vacuum of ITorr. Subsequently, the biaxial rotating- 
disk type film evaporator runs its hand through its low-grade polymer by the stirring wings fixed to the 
axis of rotation, and it was made to make it flow down the low-grade polymer through which its hand 
was run from stirring wings compulsorily by injecting inactive gas from stirring wings by an acute angle 
to stirring wings was used. And these •*•• raising wings are devices which have ten slots toward the 
shaft center. In this film evaporator, the low-grade polymer was made to react on with the temperature of 
242 **, degree-of- vacuum ITorr, and a stirring number of rotations of 10 rpm conditions, the degree of 
polymerization was raised, with the gear pump, PBT was extracted continuously and chip making was 
continuously carried out from the exit of this film evaporator. At this time, the temperature of PBT 
within transport piping was 243 **, and holding time was for 2 minutes. The characteristic of the 
obtained polymer was shown in Table 1. 
10024| 
ITable 1 ] 
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[0025] [Example 2| Using the same device as Example 1, 100 copies of dimethyl terephthalates, The 
esterification reaction was performed until 90% of methyl ester groups reacted 75 copies of 1 ,4- 
butanediol, and 0.09 copy of titanic acid tetra butoxide catalyst, and next, it was made to react to the 
degree of polymerization 53 at the temperature of 235 ** under the degree of vacuum 200 - the degree of 
vacuum of lTorr. Using the biaxial rotating-disk type film evaporator, you made it react as a reaction 
condition at the temperature of 249 ** t degree-of -vacuum 0.5Ton\ and the stirring number of rotations 
of 10 rpm, and the degree of polymerization was raised, from the exit of this film evaporator, with the 
gear pump, PBT was extracted continuously and chip making was carried out continuously. At this time, 
the temperature of PBT within transport piping was 248 **, and holding time was for 2 minutes. The 
characteristic of the obtained polymer was written together to Table 1. 

10026 II Example 3] An ester exchange reaction is performed until 95% of methyl ester groups react 100 
copies of terephthalic acid, 1 10 copies of 1,4-butanedioI, and 0,09 copy of titanic acid tetra butoxide 
catalyst, Next, it was made to react to the degree of polymerization 92 at the temperature of 240 ** under 
the degree of vacuum 200 - the degree of vacuum of lTorr. Subsequently, 1 axis film evaporator runs its 
hand through its PBT by the stirring wings fixed to the axis of rotation, and it was made to make it flow 
down the low-grade polymer through which its hand was run from stirring wings compulsorily by 
injecting inactive gas from stirring wings by an acute angle to stirring wings was used. What was used at 
this time was this film evaporator that has 20 slots per wings toward the shaft center on these **** 
raising wings, was made to react at the temperature of 246 **, degree-of- vacuum O.STorr, and the 
stirring number of rotations of 6 rpm, and raised the degree of polymerization. And from the exit of the 
film evaporator, with the gear pump, PBT was extracted continuously and chip making was carried out 
continuously. At this time, the temperature of PBT within transport piping was 244 **, and holding time 
was for 3 minutes. The characteristic of the obtained polymer was written together to Table 1. 
|0027||Example 4] Using the same device as Example 3, 100 copies of dimethyl terephthalates, The ester 
exchange reaction was performed until 88% of methyl ester groups reacted 75 copies of 1,4-butanediol, 
and 0,09 copy of titanic acid tetra butoxide catalyst, and next, it was made to react to the degree of 
polymerization 29 at the temperature of 240 ** under the degree of vacuum 200 - the degree of vacuum 
of lTorr. Using 1 axis film evaporator, you made it react on with the temperature temperature of 248 **, 
degree-of -vacuum O.STorr, and a stirring number of rotations of 6 rpm conditions, and the degree of 
polymerization was raised. After an appropriate time, from the exit of the film evaporator, with the gear 
pump, PBT was extracted continuously and chip making was carried out continuously. At this time, the 
temperature of 249 ** of PBT within transport piping and holding time were for 1 minute. The 
characteristic of the obtained polymer was written together to Table 1. 

|0028J|Comparative example 1] An ester exchange reaction is performed until 85% of methyl ester 
groups react 100 copies of dimethyl terephthalates, 65 copies of 1 ,4-butanediol, and 0.08 copy of titanic 
acid tetra butoxide catalyst, Next, it was made to react to the degree of polymerization 35 at the 
temperature of 235 ** under the degree of vacuum 200 - the degree of vacuum of lTorr. Subsequently, 
with the vertical mold reactor of the method of the complete-mixing tub which has a stirrer, you made it 
react on with the temperature of 240 **, degree-of- vacuum lTorr, and a stirring number of rotations of 
30 rpm conditions, and the degree of polymerization was raised. After that, from the exit of the film 
evaporator, with the gear pump, PBT was extracted continuously and chip making was carried out. At 
this time, the temperature of 240 ** of PBT within transport piping and holding time were for 1.5 
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* minutes. The characteristic of the obtained polymer was shown in Table 1 . 
[0029 1 [Example 5| After supplying the chip of PBT of Example I to the crystallization tub complete- 
mixing tub type [ with an agitator ] and making it crystallize at 190 ** for 2.5 hours, the packed column 
tub was supplied and solid state polymerization was carried out by the reaction temperature of 200 **, 
and degree-of- vacuum O.STorr for 6 hours, [eta of the quality of the obtained polymer! is 1.11 dl/g, and 

(COOH(s)Jare 1.9Eq/10 6 g. 

Resistance to moist heat and hue were good. 

[0030]|Example 6] Solid state polymerization of the chip of PBT of Example 2 was carried out on the 
same conditions as Example 5. [eta of the quality of the obtained polymer] was 1.24 dl/g, |COOH(s)| 
were 2.9Eq/l0 6 g, and resistance to moist heat and their hue were good. 

[0031] [Comparative example 2 J Solid state polymerization of the chip of the PBT polymer of the 
comparative example 1 was carried out on the same conditions as Example 5. [eta of the quality of the 

obtained polymer 1 was 1.02 dl/g, [COOH(s)] were 28Eq/10 6 g, and resistance to moist heat and their hue 

were bad. 

|0032| 

[Effect of the Invention |The intrinsic viscosity manufactured by melt polymerization is larger than 0.55, 
moreover PBT with low carboxyl terminal group concentration is excellent in resistance to moist heat, 
and hue is also good. Since there are also few byproductions of the tetrahydrofuran in melt 
polymerization, there are few losses of 1 ,4-butanediol and recovery of a by-product is easy. By carrying 
out solid state polymerization of the PBT manufactured by melt polymerization, carboxyl terminal group 
concentration is very low, good high-polymer PBT of hue is obtained, and since the rate of 
polymerization at the time of solid state polymerization is also quick, efficient operation is possible. 
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